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Abstract. In this paper, a new acceptance-sampling plan has been introduced for the two-stage process for multiple lines 
under the neutrosophic statistics. The parameters of the proposed sampling plan have been determined by satisfying the given 
risks using the optimization solution under the neutrosophic statistical interval method (NSIM) Using the specific producer’s 
and consumer’s risks, the parameters of the proposed plan have also been determined under neutrosophic operating function 
(NOF). The comparison based on the sample size of the proposed and the existing plans has been given at different plan 
parameters. The tables are provided, and an industrial example is illustrated for the practical use of the proposed sampling 
plan. The comparison reveals that the proposed plan is more efficient, flexible, and adequate to be used under uncertainty. 
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1. Introduction 


Acceptance sampling plans are most commonly 
espoused in the manufacturing industries to provide 
safeguards to the producer and consumer, to increase 
the quality of the product and to insert the pressure 
on the producer [1]. Two types of sampling plans are 
adopted, i.e., attribute plans based upon the go/no go 
bifurcations of the products and the variable plans 
based upon the measurements of the interested qual- 
ity characteristics such as height, weight, length, etc. 
for the protection of the wishes of the two parties. The 
variable sampling plans provide more details of the 


*Corresponding author. Muhammad Aslam, Department of 
Statistics, Faculty of Science, King Abdulaziz University, Jeddah, 
Saudi Arabia. E-mail: magmuhammad @kau.edu.sa. 


products as compared to the attribute sampling plans 
which are easier to apply and understand. For more 
detail, the readers may refer to [2]. 

The performance of the proposed plan is judged 
through constructing the operating characteristic 
(OC) curve which quantifies risks of parties, the 
vendor and the buyer. The OC curve portrays the 
discriminating power of the sampling plan with the 
probability of accepting the individual lot against 
the fraction nonconforming. The vendor (producer) 
generally concentrate on the specific quality level 
of the product generally called the acceptable qual- 
ity level (AQL) with at least (1 — @) probability of 
accepting the lot. The AQL also characterize the 
maximum level of the nonconforming item in a lot 
supposed to be accepted on average. Likewise, the 
buyer (consumer) generally concentrates on the low- 
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est point on the OC curve called the Lot tolerance 
percent defective (LTPD), which is the poorest qual- 
ity level, with the lowest probability 6 of accepting 
the defective lot. For more details, readers are referred 
to [3-12]. 

When the acceptance or the rejection of the submit- 
ted lot depends upon the single sample then it is called 
a simple or single sampling scheme. There are many 
situations in which the decision of the submitted lot 
cannot be decided at first sample and the second sam- 
ple help us to decide whether to accept or reject the lot 
as this decision depends upon the two-stage sample 
selection [13]. If the lot is too good or too bad, then 
at the first stage the lot is accepted or rejected. When 
we are not in a position of deciding its fate at the 
first stage then we switch to the second stage where 
we take another sample of the same size and then we 
decided the fate of the lot based on combining the 
information from both the samples [14]. In this mod- 
ern era, the demand for the high-quality product has 
increased, and customer and producer want delivery 
of his order at a time. To meet the given order, the 
product is manufactured using multiple manufactur- 
ing lines. In this situation, the sampling plan designed 
for multiple independent lines is applied for the quick 
inspection of the product. According to [15] “Due 
to sufficient demands of consumers, it may not be 
possible to fulfill the demand in time using the pro- 
cess based on one manufacturing line. Therefore, the 
product is manufactured in the industry using multi- 
ple manufacturing lines”. For more details, the reader 
may refer to [16, 17]. 

The technique of exponentially weighted moving 
average (EWMA) was developed by [18] for the 
quick monitoring of the process in the literature of 
control chart. This technique is applied extensively 
in the acceptance sampling plans. In EWMA statistic 
more weights (between 0 and 1) are assigned to the 
current observations and the most historic observa- 
tions are assigned with least weights [7, 19-21]. 

In practice, sometimes, the experimenters are not 
certain about the proportion of defective in the lot. 
In this situation, the inspection of a lot is done using 
the fuzzy-based acceptance sampling plans. There- 
fore, the acceptance sampling plan using fuzzy logic 
is applied for the inspection of a lot of the product 
when some parameters are uncertain. Due to the wide 
applications of such sampling plans, several authors 
designed fuzzy-based sampling plans, including for 
example, [22, 23] designed the single fuzzy attribute 
acceptance plans; [24] worked on a fuzzy plan to 
select a process; [25] proposed sampling plan having 


fuzzy parameters; [26] studied OC curves using a 
fuzzy approach; [27] developed a fuzzy plan for the 
Poisson distribution; [28] proposed the fuzzy dou- 
ble sampling plan for the inspection of a lot; [29] 
proposed the fuzzy plan for the gamma distribution. 
More details on the fuzzy-based sampling plan can be 
seen in [30-35]. More information on the application 
of the fuzzy approach can be seen in [36-46]. 

Smarandache [47] stated that the neutrosophic 
logic which consists of truth, falsehood, and indeter- 
minacy measures is the extension of the traditional 
fuzzy logic. Neutrosophic statistics is basically the 
extension of the classical statistics introduced by 
[48] when the data are imprecise, vague, ambiguous 
or incomplete. The neutrosophic statistics has been 
widely used in a variety of fields. The application 
of the neutrosophic statistics in the rock measuring 
issues can be seen in [49, 50]. For example, the appli- 
cation in the area of the control charts can be seen in 
(51, 52]. Recently, [53] introduced the neutrosophic 
statistics in the area of acceptance sampling plan; 
[54] designed a sudden death test under the neutro- 
sophic statistics; [55] designed the sampling plan for 
the exponential distribution using the neutrosophic 
statistics; [56] proposed the sampling plan for the 
inspection at a single stage of the product coming 
from multiple independent lines. 

By exploring the literature and the best of our 
knowledge, there is no work on the sampling plan 
using two-stage for multiple independent manufac- 
turing lines under the neutrosophic statistics. There 
is a gap to develop a two-stage plan for the inspection 
of the product coming from for multiple independent 
manufacturing lines in uncertainty. In this paper, a 
new plan using the two-stage sampling for multi- 
ple lines under the neutrosophic statistics has been 
explored, which according to the best knowledge of 
the authors has not been studied yet. We expect that 
the proposed plan will be more efficient than the exist- 
ing plan in terms of sample size under uncertainty 
environment. We expect that the proposed two-stage 
plan under neutrosophic statistics will be quite flex- 
ible, informative, and adequate to be used under 
uncertainty environment. 


2. Design of the traditional neutrosophic plan 


In this section, the design of the acceptance- 
sampling plan for the traditional neutrosophic 
Statistic is explained. As mentioned by [57] “manu- 
facturing process with multiple manufacturing lines 
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often consists of multiple parallels independent man- 
ufacturing lines, with each manufacturing line having 
a machine or a group of machines performing neces- 
sary identical job operations. As the manufacturing 
lines have various process averages and standard 
deviations, the values of capability indices will be 
different for each manufacturing line. The combined 
output of all manufacturing lines leads to inaccu- 
rate yield measures of the process”. Suppose the 
neutrosophic random variable (NRV), say Xwi € 
[X,, Xu] recoded from line j at time i have a 
neutrosophic sample number ny1j € {771;,"U1;}, 
where j= 1,2,3,...,k. Also suppose that the 
lower and upper means are x, = ee en, xy = 
ae a /ny, the lower and upper standard devia- 
tions, neutrosophic process capability index S$ pkiN 
for k independent manufacturing lines and normal 
distribution of $ pkjn from [56] are as follows 


sL= "poe (xb — X,)?/nz, 
sy = ‘De Gy _ xu)?/nvu. 


Then 
n 
Xjn € {u = Ss xv /ni, Xu (1) 


n U x 7 a 
= rE: /ny esXjn € [Xjx, Xju] 


Sin € {su = (re (xb — ¥,)?/nz, 
su = is (xf — ww? Inv}; 


sjn € [sjx, Sju] (2) 
ait she 1 k x 
Spun = 3° E Does (2®(38 xin) — 1) + 1 2s: 
_M _M OM 
Spe € {Su Su (3) 


where ®~!(x) denotes the inverse of standard normal 
distribution. 


s 1c pa eS as 
SA eg eal ) 


Sin 
hoy Migs LSE aM ae okt 
+ fo(AAE HS), Sine Su Sa} 
(4) 
or 
a D>. ¢7(3Dn) 
ou ~ Ny gM , ee NIA Se : 
Ren (sts 2k?nvg?3SM y) 
nw € (ni, nu}, Sow € {Sper Spud (5) 
where 


Dy = (1/3)®7'{[kK2®BS%.y) — Y) — & = 2)1/2} 
(6) 


and Ny(x) represents the neutrosophic normal distri- 
bution. 


Stage-1: Select NRV of size nnij € {(ML1j, Nu1;}; 
jJ=1,2,3,...,k and recoded from line j at time 
i. Determine STEN If STEN > cn, Where cyj € 
{cz1,cu1} accept a lot of product and implement 
Step-2, if sey < cy}, reject a lot of the product. 


Stage-2: Select NRV ny; € {n12j,nv2j}, j= 
1,2,3,...,k and recoded from line j at time 
i. Accept the lot if STN? >cn2, Where cy2 € 
{c72, Cu2} is neutrosophic acceptance number. 

The proposed sampling plan is the extensions of 
several acceptance-sampling plans. The proposed 
plan reduces to [56] plan when sini a Sno = 


SM The proposed sampling plan reduces to [15] 
plan if no uncertain observations/parameters are 
noted. 

The neutrosophic operating characteristic (NOC) 
function of the traditional plan can be derived as fol- 
lows: 


Ly (34) = TAN (Sui) xX TAN (Sévo) (7) 
For-k stage, the NOC is given by 


i k ‘ 
Ly Shin) = []_, tan Ghiw,) @ = 1,2,3,...5% 
(8) 


By following, [15] and [56], we have 
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_M 
TAN(S pen) =1-@ 


_M D2 $¢2(3Dy1) 
= NI 
(c Spkni/ 2 (ny )G7>BS Mn) ey 
_M 
TAN(S pey2) = 1—- © 
_M D2 ¢2(3Dn2) 
z N2 
(c S pkn2/ 2k? (n12)$?(3S yr) 
(10) 


The average sample number (ASN) of the proposed 
plan is given by 


oM eM 
ANI +NN2TAN(Speny) + MN3ZTAN(S pe) 
eM 
x HAN(Spen2) +. -5MN1j E {nz1j,nuij}, 
nn2; € {N12j,NU2;} (11) 
The plan parameters of the proposed sampling will 
be determined using the following non-optimization 
solution under the neutrosophic statistical interval 
method. 
Minimize 
eM eM 
ANI + NN2TAN(Speny) + MN3ZTAN(S pn) 
aM ; 
x TANS pena) ++ -3 N17 € {npij,nuij}> 
nn2j € {n12;,NU2;} (12a) 


Subject to 


k a 
Ly(Cagu) = [J tan Gpuy,) 2 1-@ (12b) 


Ly(Curep) = [J raw My,.) $B (120) 


=1 


A neutrosophic acceptance sampling plan is con- 
sidered as an efficient and effective if it fulfills the 
requirements of the producer’s risk 6 and the con- 
sumer’s risk a. Therefore, the NOC must pass through 
the points of the AQL and LTPD. 

The plan parameters of the proposed plan are 
determined through the grid search method using 
Equations (12a)to (12c). The plan parameters are 
selected by the grid search method. During, this pro- 
cess, it is noted that several combinations of the 
parameters are available that meet the given con- 
straints. Among these combinations, we choose the 
plan parameters having the smaller average sample 
number (ASN). Tables 1 and 2 show the estimated 
design parameters for k = 2 and 3 at the risk lev- 
els of 0.05 and 0.10 of the producer and consumer, 
respectively, for various values of AQL and LTPD. 
The parametric values of n1,72,c,,c2, and ASN 
are generated using the R-codes under different 
process settings. The similar tables can be gener- 
ated for different parametric values under the above 
settings. 


3. Design of neutrosophic EWMA plan 


In this section, the design of the proposed sam- 
pling plan for the neutrosophic EWMA statistic is 
explained. The proposed plan under the neutrosophic 
Statistics is stated as 


Stage-1: Select NRV nnij € {n12;, ny ij}; J= 
1,2,3,..., k and recoded from line j at time i. Com- 
pute the following statistics 


aM EWMA; _ , <M «MEWMA;-1. 
SONI = 1Siw + — A)S ; 


gMewma; gMEWMA; @MEWMA; 
pkN1 pkL > SpkUL 


Table 1 
Design parameters of the traditional multistage neutrosophic plan when k = 2 


a = 0.05, B = 0.05 a = 0.05, B = 0.10 


CaoL Cirpp 


ny =n2 cl =c2 ASN nj =n C=C ASN 
1.00 0.90 [284, 413] 0.9247, 0.9378 [562.4, 817.7] (234, 314] 0.9190, 0.9304 [462.84, 620.9] 
1.10 1.00 [382, 498] 1.0256, 1.0391 [757.2, 983.7] [287, 339] [1.0194, 1.0255 [567.0, 669.9] 
1.20 1.10 [438, 530] 1.1255, 1.1256 [866.7, 1053.1] [354, 461] [1.1180, 1.1249 (700.1, 913.7] 
1.30 1.20 [538, 795] 1.2253, 1.2412 1065.2, 1570.4 [470, 551] 1.2188, 1.2225 [931.3, 1093.4] 
1.40 1.30 [694, 833] 1.3296, 1.3303 1372.9, 1654.0 [578, 681] 1.3176, 1.3258 [1147.0, 1350.0] 
1.50 1.40 [813, 849] 1.4249, 1.4326 1613.3, 1677.5 [649, 729] [1.4182, 1.4213 [1286.3, 1446.1] 
1.60 1.50 [880, 1136] 1.5275, 1.5295] 1740.6, 2257.2] [676, 887] [1.5188, 1.5210 [1335.7, 1761.7] 
1.70 1.60 [1096, 1209] 1.6300, 1.6339 2168.8, 2391.3 [822, 1102] [1.6216, 1.6274 [1623.9, 2184.8] 
1.80 1.70 [1151, 1346] 1.7278, 1.7296 2276.7, 2669.3 [869, 1160] [1.7187, 1.7207 [1716.8, 2304.7] 
1.90 1.80 [1424, 1564] 1.8290, 1.8333 2821.1, 3096.2 [990, 1230] [1.8186, 1.8278 [1956.8, 2429.6] 
2.00 1.90 [1472, 1539] 1.9289, 1.9294 2910.7, 3045.5 [1115, 1314] 1.9198, 1.9245 [2202.55, 2598.8] 
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Table 2 
Design parameters of the traditional multistage nutrosophic plan when k = 3 
CaoL CLrpp a = 0.05, B = 0.05 a = 0.05, B = 0.10 
ny =n2 cL =c2 ASN nj =n2 cCL=c2 ASN 

1.00 0.90 [246, 352] 0.9293, 0.9305 [486.0, 700.4] [193, 283] [0.9191, 0.9282] [389.7, 561.5] 

1.10 1.00 [324, 462] 1.0249, 1.0414 (642.3, 912.5] [257, 377] [1.0186, 1.0233] [508.6. 750.1] 

1.20 1.10 [409, 609] 1.1275, 1.1308 [809.4, 1212.5] [339, 460] [1.1168, 1.1234] [672.2, 914.7] 
1.30 1.20 [529, 599] 1.2268, 1.2357 [1048.6, 1183.2] [458, 548] [1.2236, 1.2272] [906.6, 1086.8] 
1.40 1.30 [681, 799] 1.3238, 1.3354 [1353.9, 1582.9] [501, 651] [1.3199, 1.3308] [991.7, 1287.5] 
1.50 1.40 [795, 869] 1.4302, 1.4356 [1574.4, 1717.6] [581, 724] [1.4218, 1.4236] [1147.9, 1436.6] 
1.60 1.50 [873, 1051] 1.5268, 1.5343 [1730.3, 2081.6] [619, 885] [1.5189, 1.5222] [1222.4, 1758.9] 
1.70 1.60 [1008, 1343] 1.6276, 1.6279 [1996.9, 2674.6] [774, 917] [1.6202, 1.6266] [1530.6, 1813.4] 
1.80 1.70 [1110, 1323] 1.7291, 1.7342 [2194.6, 2617.5] [861, 999] [1.7191, 1.7237] [1702.8, 1977.3] 
1.90 1.80 [1215, 1443] 1.8260, 1.8331 [2405.5, 2854.8] [963, 1206] [1.8188, 1.8221] [1904.3, 2393.0] 
2.00 1.90 [1383, 1518] 1.9290, 1.9325 [2733.2, 2999.2] (1051, 1188] [1.9193, 1.9226] [2076.0, 2349.1] 
If su ees SC where Ceres. Cnt The NOC function of the proposed plan is derived 
accept _ lot of product and implement Step-2, if with probabilities of the risks attached with the 
GMEWMA; : producer and the consumer as 4 ioe ee ) and 

kN < Cy1, reject a lot of the product. pkN, 
aMEWMA; ; ; 

TAN(S kN» ), respectively. Two points on the 


Stage-2: Select NRV nn2; € {NL2j;,NU2;}, j = 
1,2,3,...,k and recoded from line j at time i. 


Accept the lot if Sat > Cyn2 , where Cn2 € 


{C12, Cy2} is neutrosophic acceptance number. 
The NOC for this case is given by 


Ly (Siew) = TAN (Séw1) x TAN (Sika) ; 
Ly (Siw) € [Ew (3M). Lv (SMu)] a3) 
where 


man (Shani) = 1 ® 


M 
c— STKNI 
Diy 9?GDm1) 
A/2-% a 
As ) Peace 


ran (Stn) « rae (Bar) mau (er) 
(14) 


wan(Shy,) = 1—® 


M 
c— SON 
Dy, g?(3Dy2) 
AJQ2—A ue) 
( /( »)) Pate a | 


TAN (Sito) € [aL (3x2) » TAU (Shur) 
(15) 


NOC function are given as (zan(SMy,) >1- a) 


and (as n(SMiny)> B) which satisfy the producer’s 

risk and the consumer’s risk using the following neu- 

trosophic non-linear optimization solution. 
Minimize 


aM aM 
NN1 + Nn2TANn(SpEn,) + NN3TAN(S EN, ) 


aM 
X WAN(Spkny) +--+ MN1j € {ML1j,NU1)}; 


€ {n12j,nv2;} (16a) 


Subject to 


k a 
Ly(Cagr) =], tan pny) 2 1—@ (166) 


Ly(Cuirpp) = I. (16c) 


A TAn(S ny) <6 

The design parameters of the proposed Neutro- 
sophic plan are estimated using the search grid 
method and Equations (13) through (17) mentioned 
above. Tables 3 and 4 show the estimated design 
parameters for k = 2,A = 0.10, and for k = 3,A = 
0.10 for the risk levels of 0.05 and 0.10 of the 
producer and consumer, respectively, for various val- 
ues of AQL and LIPD. The parametric values of 
n1,N2,C\,¢2, and ASN are generated using the R- 
codes under different process settings. The similar 
tables can be generated for different parametric val- 
ues under the above settings. 
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Table 3 
Design Parameters of the multistage neutrosophic EWMA plan when k = 2,4 = 0.10 


CaoL CLrpp a= 0.05, B = 0.05 a= 0.05, B = 0.10 
ny =n cy = C2 ASN ny =n2 cy = C2 ASN 
1.00 0.90 [14,23] [0.9256, 0.9394] [27.6, 45.5] 13, 22] [0.9231, 0.9232] [25.7, 43.9] 
1.10 1.00 [22, 29 [1.0306, 1.0394] [43.6, 57.4] 16, 23] [1.0193, 1.0324] [31.7, 45.5] 
1.20 1.10 [28, 41 [1.1300, 1.1350] [55.5, 81.6] 20, 34] [1.1187, 1.1402] [39.6, 67.1] 
1.30 1.20 [32, 55 [1.2252, 1.2273] [63.5, 109.8] 23,32) [1.2189, 1.2285] [45.5, 63.4] 
1.40 1.30 34, 48 [1.3288, 1.3323] [67.2, 95.4] 30, 35] [1.3194, 1.3262] [59.4, 69.3] 
1.50 1.40 [40, 63 [1.4260, 1.4327] [79.2, 125.4] 32, 40] [1.4197, 1.4253] [63.3, 79.2] 
1.60 1.50 [54, 78] [1.5245, 1.5276] [107.4, 155.6] 38, 45] [1.5208, 1.5282] [75.1, 88.9] 
1.70 1.60 56, 72 [1.6261, 1.6363] [111.0, 142.6] 46, 68] [1.6188, 1.6351] [91.2, 134.6] 
1.80 1.70 [64, 84 [1.7273, 1.7313] [126.8, 167.0] 58, 83] [1.7235, 1.7388] [114.9, 164.1] 
1.90 1.80 [66, 98 [1.8282, 1.8346] [130.4, 194.6] 61, 91] [1.8180, 1.8182] [121.1, 181.6] 
2.00 1.90 [83, 97 [1.9294, 1.9357] [164.3, 191.9] 64, 95] [1.9223, 1.9263] [126.5, 188.9] 
Table 4 
Design parameters of the multistage neutrosophic EWMA plan when k = 3, A = 0.10 
CagoL CLirep a = 0.05, B = 0.05 a = 0.05, B = 0.10 
nj =n cy =cC2 ASN ny =n2 cy = C2 ASN 
1.00 0.90 [12, 22] [0.9255, 0.9333] [23.7, 43.8] 11, 16] [0.9179, 0.9276] [21.8, 31.8] 
1.10 1.00 19, 23 [1.0233, 1.0278] [37.8, 45.8] 16, 21] [1.0166, 1.0339] [31.8, 41.6] 
1.20 1.10 21, 33 [1.1263, 1.1316] [41.6, 65.7] 17, 24] [1.1197, 1.1279] [33.6, 47.6] 
1.30 1.20 [28, 34 [1.2274, 1.2370] (55.5, 67.2] 21, 34] [1.2196, 1.230] [41.5, 67.6] 
1.40 1.30 [32, 45 [1.3267, 1.340] [63.4, 89.0] 28, 39] [1.3241, 1.3243] [55.4, 77.6] 
1.50 1.40 [39, 49 [1.4286, 1.4330] (77.2, 97.2] 31, 42] [1.4202, 1.4212] [61.3, 83.6] 
1.60 1.50 [43, 61 [1.5264, 1.5366] [85.1, 120.9] 37, 44] [1.5178, 1.5273] [73.4, 87.1] 
1.70 1.60 [50, 71 [1.6276, 1.6381] [98.9, 140.6] 41, 53] [1.6221, 1.6225] [81.0, 105.3] 
1.80 1.70 [57, 81 [1.7292, 1.7352] [112.6, 160.7] 46, 59] [1.7208, 1.7275] [90.9, 116.8] 
1.90 1.80 [62, 80 [1.8263, 1.8264] [122.6, 159.1] 54, 65] [1.8212, 1.8271] [106.8, 128.6] 
2.00 1.90 [80, 97 [1.9256, 1.9304] [158.8, 192.8] 62, 74] [1.9192, 1.930] [122.8, 146.2] 
Table 5 
Comparison of the sample size for proposed and existing neutrosophic plans when k = 3 
Cao. CLrpp a = 0.05, B = 0.05 a = 0.05, 6B = 0.10 
Traditional plan EWMA plan for Traditional plan EWMA plan for 
A= 0.10 A= 0.10 
Proposed Existing Proposed Existing Proposed Existing Proposed Existing 
ny =n n ny =n n ny =n n ny =n n 
1.00 0.90 [246, 352] [775, 905] [12, 22 [28, 61] [193, 283] [717, 799] [11, 16 [41, 86] 
1.10 1.00 [324, 462] [692, 875] [19, 23 [32, 89] [257, 377] [829, 969] [16, 21 [42, 78] 
1.20 1.10 [409, 609] [792, 961] [21, 33 [36, 93] [339, 460] [878, 986] [17, 24 [38, 81] 
1.30 1.20 [529, 599] [813, 960] 28, 34 [57, 76] [458, 548] [837, 972] [21, 34 [33, 70] 
1.40 1.30 [681, 799] [1248, 1424] [32, 45 [49, 81] [501, 651] [1160, 1433] [28, 39 [38, 61] 
1.50 1.40 [795, 869] [1198, 1364] [39, 49 [59, 97] [581, 724] [1203, 1387] [31, 42 [44, 77] 
1.60 1.50 [873, 1051] [1781, 1943] [43, 61 [112, 148] [619, 885] [1186, 1481] [37, 44 [48, 73] 
1.70 1.60 [1008, 1343]  [1488, 1600] [50, 71 [105, 143] [774, 917] [1451, 1735] [41, 53 [65, 97] 
1.80 1.70 [1110, 1323] [1891, 1995] [57, 81 [81, 112] [861, 999] [1827, 2017] [46, 59 [93, 136] 
1.90 1.80 [1215, 1443]  [2144, 2319] [62,80] [142, 161] [963, 1206] [1884, 2064] 54, 65 [97, 132] 
2.00 1.90 [1383, 1518]  [2439, 2572] [80, 97 [127,173] [1051, 1188] = [2178, 2376] [62, 74 [106, 129] 


4. Comparison of the proposed sampling plan 


As mentioned earlier, [56] designed the sampling 
plan for multiple manufacturing lines using the sin- 
gle sampling plan under the neutrosophic statistics. 
In the area of acceptance sampling plans, a plan 
having the smaller sample size is said to be more 
efficient than the other sampling plan. In this Sec- 


tion, the comparative study of the proposed sampling 
plan under neutrosophic statistics and the plan pro- 
posed by [56] in terms of neutrosophic sample size 
is discussed. Table 5 presents the comparison of the 
proposed and the existing neutrosophic plan by [56] 
for k = 3. For rational comparison, we used the same 
plan parameters of k = 3,a@ = 0.05, 6 = 0.05 for dif- 
ferent settings of the AQL and LTPD with A = 0.10. 
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Table 6 
Stage-1 data from Integrated Circuit [56] 
Line 1 Line 2 Line 3 Line 1 Line 2 Line 3 
[8.0584,8.6021] [9.8074,9.8074] [9.0717,9.0717 8.0032,8.0032 9.7851,9.7851] [8.2868,9.9745] 
[8.1291,8.1291] 9.9382,9.9382] [8.4836,8.4826 [8.123,8.123] 9.7055,9.7055] [9.3139,9.3139] 
[8.2945,8.2945] 9.7405,9.7405] [8.8189,8.8189 [8.3639,8.3639 9.5367,9.5367] [8.9274,8.9274] 
[8.4041,8.4041] 9.7714,9.7714] [8.7452,8.7452 [7.8184,7.8184 9.7462,9.7462] [8.8426,8.8426] 
[7.7078,9.0267] [9.9143,9.9143] [9.1409,9.7321] [7.9084,7.9084 9.8264,9.8264] [8.6537,9.5664] 
[7.9494,7.9494] 9.7012,9.7012] [9.1566,9.1566 [8.4156,8.4156 9.8275,9.8275] [8.9899,8.9899] 
[8.1295,8.1295] 9.7931,9.7931] [9.0607,9.0607 [7.9281,7.9281 9.8429,9.8429] [9.2326,9.2326] 
[8.0902,8.0902] 9.6253,9.6253] [8.7977,9.6640] [8.0968,8.0968 9.8771,9.8771] [8.9034,8.9034] 
[8.5301,8.5301] 9.7565,9.7565] [9.1246,9.1246 [7.9588,7.9588 9.8513,9.8513] [9.0191,9.0191] 
[8.224,8.7721] [9.7282,9.7282] [8.9472,8.9472 [7.9915,7.9915 9.8122,9.8122] [9.7331,9.7331] 
[8.2187,8.2187] 9.7240,9.7240] [8.8287,9.3749] [7.9198,9.0781] 9.7033,9.7033] [8.9759,8.9759] 
[8.5358,8.5358] 9.5096,9.5096] [9.3396,9.6910] 8.2088,8.2088 9.7222,9.7222] [9.1025,9.1025] 
[7.9681,8.9214] [9.5861,9.5861] [9.3521,9.3521 [8.3243,8.3243 9.6909,9.6909] [9.2906,9.2906] 
[8.0459,9.2937] [9.8542,9.8542] [8.9805,8.9805 [7.9551,7.9551 9.6893,9.6893] [8.5702,10.2741] 
[8.4624,8.4624] 9.5363,9.5363] [8.4378,8.8956] 8.1552,8.1552 [9.550,9.550] [8.7624,8.7624] 
[8.0555,8.0555] 9.3871,9.3871] [8.4064,9.2068] [8.2015,8.2015 9.6551,9.6551] [8.7146,8.7146] 
[7.80,8.642] [10.0586, 10.0586] [9.0542,9.0542 [8.1281,8.8649] 9.6923,9.6923] [9.4084,9.4048] 
[7.8861,7.8861] [10.0815,10.0815] [8.7694,8.7694 [7.9844,7.9844 9.7844,9.7844] [8.4058,10.1128] 
[7.8745,7.8745] 9.9046,9.9046] [9.2664,9.2664 [8.2926,8.2926 9.7143,9.7143] [8.8485,8.8485] 
[8.4662,8.4662] 9.7467,9.7467] [8.5586,10.0325] [8.1087,8.1087 9.6478,9.6478] [9.0328,9.0328] 
[8.0458,8.0458] [9.6709,6709] [9.1405,9.1405 [8.3324,8.3324 9.6576,9.6576] [9.6685,9.6685] 
[8.0045,8.7302] [9.7344,7344] [8.9628,8.9628 [8.4791,8.4791 9.5404,9.5404] [9.3008,9.3008] 
[8.0504,8.0504] 9.6369,9.6369] [9.1336,9.1336 [8.2146,8.2146 9.7357,9.7357] [9.0707,10.2547] 
[8.009,8.009] 9.6128,9.6128] [9.4906,9.4906 [8.1495,8.9654] 9.8667,9.8667] [9.4463,9.4463] 
Table 7 
Stage-2 data from Integrated Circuit. 

Line 1 Line 2 Line 3 Line 1 Line 2 Line 3 


[8.0708, 8.0708] 
[8.3509, 8.3509] 
[7.8602, 7.8602] 
[8.2283, 8.2283] 
[8.2108, 8.2108] 
[8.3085, 8.3103] 
[8.1447, 8.1447] 
[8.2874, 8.2874] 
[8.2931, 8.2931] 
[7.9639, 8.4273] 
[7.9715, 8.3501] 
[8.0278, 8.0278] 
[8.1233, 8.1233] 
[7.8822, 7.8822] 
[8.1990, 8.1990] 
[7.8548, 8.4414] 
[8.3947, 8.3947] 
[8.3639, 8.3639] 
[8.1526, 8.1526] 
[8.1437, 8.1437] 
[8.2153, 8.2153] 
[8.0206, 8.0206] 
[7.9505, 8.0401] 
[8.0408, 8.0408] 


[9.5133, 9.5133 
[9.6289, 9.6289 
[9.7673, 9.7673 
[9.6516, 9.6516 


[9.6452, 9.6452 
[9.9697, 9.9697 
[9.7209, 9.7209 
[9.6153, 9.6153 
[9.6081, 9.6081 
[9.6636, 9.8742] 
[9.8082, 9.8082 
[9.6968, 9.6968 
[9.7702, 9.7702 
[9.7158, 9.7158 
[9.6738, 9.6738 
[9.4693, 9.4693 
9.7897, 9.7897 
[9.5057, 9.6895] 
(9.8515, 9.8515 
[9.8294, 9.8294 
[9.6377, 9.6377 
[9.5844, 9.5844 
(9.8111, 9.8111 


[10.0002, 10.0002] 


[8.6584, 8.6584] 
[9.3193, 9.3193] 
[8.8598, 8.8598] 
[8.9783, 8.9783] 
[8.9256, 9.6205] 
[8.8284, 8.8284] 
[8.6173, 8.6173] 
[9.0968, 9.0968] 
[8.8931, 8.8931] 
[8.5153, 8.5153] 
[9.1225, 9.1225] 
[9.2602, 9.2602] 
[8.8786, 9.3549] 
[9.4992, 9.4992] 
[9.4527, 9.4527] 
[9.5686, 9.5686] 
[9.0160, 9.0290] 
[8.7788, 8.7788] 
[9.4034, 9.4034] 
[8.8452, 8.8452] 
[8.5760, 8.5760] 
[9.0379, 9.0379] 
[8.9846, 8.9846] 
[9.1359, 9.1359] 


[8.3185, 8.3185] 
[7.8323, 7.8323] 
[8.0665, 8.0665] 
[7.9771, 8.1034] 
[7.9914, 7.9914] 
[8.2473, 8.2473] 
[8.3019, 8.3019] 
[8.1039, 8.1039] 
[8.2821, 8.2821] 
[8.4999, 8.4999] 
[7.9666, 8.2191] 
[8.2123, 8.0858] 
[7.8696, 7.8696] 
[8.1297, 8.1297] 
[7.5497, 7.5497] 
[7.9525, 7.9525] 
[8.2020, 7.8922] 
[7.9584, 8.5099] 
[8.0077, 8.0077] 
[7.8801, 7.8801] 
[7.8115, 7.8115] 
[8.4469, 8.4469] 
[7.9840, 8.0550] 
[8.0597, 8.0597] 


9.9076, 9.9076 
[9.6366, 9.6366 
[9.7275, 9.7275 
[9.4666, 9.4666 
[9.7932, 9.6365] 
[9.6184, 9.6184 
[9.9736, 9.9736 
9.6291, 9.6291 
[9.5490, 9.5490 
[9.5421, 9.5421 
[9.8959, 9.8959 
[9.6344, 9.7619] 


[9.8847, 9.8847 
9.9141, 9.9141 
[9.9832, 9.9832 
[9.5640, 9.5640 
9.7901, 9.7901 
[9.6312, 9.6734] 
[9.7792, 9.7792 
(9.8181, 9.8181 
[9.7221, 9.7221 
[9.5426, 9.5426 
[9.5720, 9.5720 


[10.0278, 10.0278] 


[9.4311, 9.1388] 
[8.6268, 8.6268 
[8.5388, 8.5388 
[9.1463, 9.1463 
[9.2710, 9.2710] 
[8.5749, 9.2096] 
[9.2501, 9.2501 

[9.430, 9.430] 
[8.5334, 8.7648] 
[8.5644, 8.5644 
[8.6912, 8.6912 
[8.7276, 8.7276] 
[9.1666, 9.1666 
[8.6763, 8.6763 
[9.5516, 9.5516 
[9.7439, 9.2329] 
[8.8642, 9.6527] 
[8.5171, 8.5171] 
[8.6802, 8.6802] 
[8.6721, 8.6721] 
[8.6131, 8.6131] 
[8.9924, 9.1311] 
[8.8524, 8.8524] 
[9.1835, 9.1835] 


It can be seen that the neutrosophic sample size for 
the lot sentencing is smaller for the proposed scheme 
as compared with the existing scheme by [56]. It 
can be seen from Table 5 that when k = 3, a= 


0.05, B = 0.05, Cagz = 1.00, Cr rpp = 0.90 the val- 
ues of ny € {nz,, ny} for the proposed chart are 246 
and 352 while the existing plan shows 775 and 905 
for the same process settings. The same results can 
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Table 8 
Neutrosophic statistics of IC 


Lines X jn Sin S pkjNn 
Stage-1 

1 [8.1250, 8.3103]  [0.2027, 0.3620] — [1.0947, 0.8316] 

2 [9.7350, 9.7350] [0.1351,0.1351] — [1.9267, 1.9267] 

3 [8.9910, 9.2469] [0.3286, 0.4211] — [1.5210, 1.0597] 
Stage-2 

1 [8.0981, 8.1416] — [0.1930, 0.2052] —[1.0996, 1.1084] 

2 [9.7194, 9.7279]  [0.1492, 0.1466] —_[1.8091, 1.7975] 

3 [8.9698, 9.0151] — [0.3338, 0.3333] — [1.4919, 1.4986] 


be seen for other process settings given in Table 5. So 
it can be claimed without any doubt that the proposed 
plan of the neutrosophic EWMA statistics utilizes a 
much smaller sample size for deciding about the lot 
acceptance or rejection. 


5. Applications 


In this section, we present the application of 
the proposed sampling plan in gold bumping factor 
situated in Taiwan and the pre-amplifier of micro- 
electro-mechanical systems (MEMS) dataset. 


Table 9 


5.1. Example 1 


The gold bumping data is taken from [58]. The 
final gold product is manufactured using several 
multiple manufacturing lines. According to [58] 
“For a new mass production product, FHD1080H 
(FHD, 1920 x 1080 RGB), a quality practitioner 
of (integrated circuit) IC design house employs a 
sampling plan for the gold bump product acceptance 
determination. Because the manufacturer’s factory 
involves three manufacturing lines, the inspection 
data are collected from the lines separately. In 
current factory practices, five designate die sites are 
inspected on a wafer at the location of the top, center, 
bottom, left, and right. In addition, four bump sites 
including the left side of the top, the right side of the 
top, the left side of down, and the right side of down 
are inspected on one die site”. As pointed out by [56] 
that the gold bumping data is measurement and may 
consist of some unclear, fuzzy, and indeterminate 
observations. Therefore, this type of data cannot 
be used for the inspection of the product under the 
classical statistics. In addition, the experimenter 
is interested to use a two-stage plan to ensure the 


Stage-1 data of the absolute reference voltage 


Line | Line 2 


Line 3 Line 4 


[1.5101, 1.5101 
1.5077, 1.5077 
[1.5104, 1.5092] 
[1.5098, 1.5098 
1.5052, 1.5052 
[1.5074, 1.5074 
[1.5050, 1.5050 


[1.5057, 1.5050] 
1.4937, 1.4937 
1.4969, 1.4969 
1.4938, 1.4938 
1.4987, 1.4987 
1.4929, 1.4929 
[1.4924, 1.4863] 


[1.5108, 1.5067] 1.4925, 1.4925 
[1.5094, 1.5094 [1.4956, 1.4942] 
[1.5091,1.5078] 1.4929, 1.4929 
[1.4988, 1.5007] 1.4943, 1.4943 


[1.5079, 1.5079 
[1.5077, 1.5077 
[1.5023, 1.5023 
1.5069, 1.5069 
[1.5038, 1.5031] 
[1.5065, 1.4992] 
[1.5068, 1.5068 
1.5064, 1.5064 
[1.5003, 1.5003 
[1.5065, 1.5065 
1.5019, 1.5019 
[1.5068, 1.5070] 
[1.5028, 1.5028 
[1.5043, 1.5043 
[1.5044, 1.5044 
[1.5057, 1.5057 
[1.5025, 1.4956] 
[1.5079, 1.5079 
[1.5079, 1.5079 


1.4977, 1.4977 
[1.4948, 1.4920] 
[1.4999, 1.4997] 
1.4979, 1.4979 
1.4991, 1.4991 
1.5010, 1.5010 
1.4912, 1.4912 
[1.4945, 1.4909] 
1.4976, 1.4976 
1.4993, 1.4993 
1.4965, 1.4965 
[1.5019, 1.5021] 
1.4913, 1.4913 
[1.4967, 1.4892] 
1.4967, 1.4967] 
1.4919, 1.4919 
1.4936, 1.4936 
1.5041, 1.5041 
1.4964, 1.4964 


[1.4929, 1.4929] 
[1.4933, 1.4933] 
[1.4939, 1.4930] 
[1.4879, 1.4880] 
[1.4958, 1.4958] 
[1.4935, 1.4935] 
[1.4992, 1.4992] 
[1.4932, 1.4932] 
[1.4912, 1.4912] 
[1.4952, 1.4978] 
[1.4967, 1.4967] 
[1.4943, 1.4960] 
[1.4919, 1.4919] 
[1.4936, 1.4936] 
[1.4957, 1.4957] 
[1.4988, 1.4988] 
[1.4904, 1.4964] 
[1.4922, 1.4922] 
[1.4924, 1.4924] 
[1.4979, 1.4979] 
[1.4954, 1.4954] 
[1.4976, 1.4976] 
[1.4962, 1.4962] 
[1.4920, 1.4958] 
[1.4944, 1.4944] 
[1.4919, 1.4919] 
[1.4910, 1.4910] 
[1.4950, 1.4945] 
[1.4912, 1.4912] 
[1.4953, 1.4985] 


1.5092, 1.5092] 
1.5065, 1.5065] 
[1.5097, 1.5097] 
[1.5090, 1.5090] 
1.5035, 1.5035] 
[1.5062, 1.5062] 
[1.5033, 1.5030] 
1.5101, 1.5101] 
1.5084, 1.5084] 
[1.5081, 1.5081] 
[1.4961, 1.4961] 
1.5067, 1.5067] 
[1.5064, 1.5060] 
[1.5002, 1.5002] 
1.5055, 1.5055] 
[1.5020, 1.5013] 
[1.5050, 1.5050] 
[1.5054, 1.5054] 
1.5050, 1.5050] 
1.4978, 1.4978] 
[1.5051, 1.5051] 
1.4997, 1.4997] 
1.5054, 1.5054] 
[1.5007, 1.5007] 
[1.5025, 1.5011] 
[1.5026, 1.5020] 
1.5041, 1.5041] 
[1.5005, 1.5005] 
[1.5067, 1.5067] 
[1.5067, 1.5067] 
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Table 10 
Stage-2 data of the absolute reference voltage 
Line 1 Line 2 Line 3 Line 4 
1.5043, 1.5043 1.4934, 1.4934 [1.4940, 1.4940] 1.5056, 1.5056] 
[1.5092, 1.5079] 1.4980, 1.4980 [1.4942, 1.4942] 1.5032, 1.5032] 


[1.5170, 1.5170 
[1.5081, 1.5081 
[1.5071, 1.5071 
[1.5042, 1.5042 
[1.5075, 1.5075 
1.5100, 1.5100 
[1.5107, 1.5088] 
[1.5068, 1.5068 
[1.5056, 1.5056 
[1.5084, 1.5084 
[1.5018, 1.5002] 
[1.5058, 1.5058 
[1.5034, 1.5034 
[1.5085, 1.5085 
[1.5108, 1.5108 
[1.5067, 1.5067 
[1.5047, 1.5023] 
[1.5053, 1.5036] 
[1.5088, 1.5088 
[1.5043, 1.5043 
[1.4999, 1.5001] 
[1.5083, 1.5083 
[1.5103. 1.5103 
[1.5037, 1.5031] 
1.5026, 1.5026 
[1.5020, 1.5020 
[1.5063, 1.5060 
1.5100, 1.5100 


1.4968, 1.4968 
[1.4946, 1.4960] 
1.4917, 1.4917 
[1.4974, 1.4980] 
[1.4938, 1.4942] 
1.4914, 1.4914 
[1.4944, 1.4964] 
1.5000, 1.5000 
1.4979, 1.4979 
1.4918, 1.4918 
1.5015, 1.5015 
1.4914, 1.4914 
[1.4988, 1.5006] 
1.4950, 1.4950 
[1.4907, 1.4957] 
1.4969, 1.4969 
1.4938, 1.4938 
1.5016, 1.5016 
1.4907, 1.4907 
1.5018, 1.5018 
[1.4924, 1.4929] 
[1.4953, 1.4951] 
1.4956, 1.4956 
1.4950, 1.4950 
1.4992, 1.4992 
1.4925, 1.4925 
[1.4925, 1.4945] 
1.4912, 1.4912 


[1.4934, 1.4932] 
[1.4976, 1.4976] 
[1.4925, 1.4918] 
[1.4961, 1.4961] 
[1.4934, 1.4934] 
[1.4932, 1.4932] 
[1.4948, 1.4948] 
[1.4935, 1.4935] 
[1.5003, 1.5003] 
[1.4910, 1.4910] 
[1.4983, 1.4944] 
[1.4965, 1.4965] 
[1.4973, 1.4973] 
[1.4941, 1.4929] 
[1.4948, 1.4948] 


[1.5021, 1.5021] 
[1.5103, 1.5103] 
1.5051, 1.5051] 
[1.5069, 1.5065] 
[1.4951, 1.4951] 
1.5105, 1.5105] 
1.5068, 1.5068] 
[1.5053, 1.5053] 
(1.5131, 1.5131] 
1.5031, 1.5031] 
[1.5071, 1.5071] 
[1.5046, 1.5032] 
1.5017, 1.5017] 
1.5035, 1.5035] 
[1.5054, 1.5054] 


[1.4969, 1.4969] [1.5033, 1.5018] 
[1.4926, 1.4926] 1.5063, 1.5063] 
[1.4979, 1.4956] [1.5070, 1.5010] 
[1.4938, 1.4938] [1.4984, 1.5003] 


[1.4883, 1.4883] 
[1.4946, 1.4946] 
[1.4984, 1.4984] 
[1.4913, 1.4913] 
[1.4909, 1.4909] 
[1.4988, 1.4965] 
[1.4941, 1.4941] 
[1.4898, 1.4898] 
[1.4952, 1.4950] 


1.5011, 1.5011] 
1.5127, 1.5127] 
[1.5037, 1.5037] 
[1.5060, 1.5060] 
1.5008, 1.5008] 
[1.5030, 1.5014] 
[1.5063, 1.5063] 
[1.5043, 1.5043] 
[1.5040, 1.5040] 
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high-quality of the product. Therefore, he decided 
to use the proposed sampling plan. The application 
of the proposed plan has been explained by using 
the integrated data of Stage-I given in Table 6 
and integrated data of Stage-II given in Table 7. 
The mean and standard deviation of Stage-1 and 
Stage-II of Neutrosophic statistics of IC are given in 
Tables 8 and 9, respectively. The experimenters are 
interested to inspect the gold bombing product using 
the proposed sampling plan. For this experiment, 
let Kk=3,A=0.1, a= B=0.05, Cagr = 1.50, 
Cirpp = 1.40. From Table 4, we note ny € 
(39, 49] and Cy € [1.4286, 1.4330]. Suppose the 
experimenters decide to select a random sample 
nj =n2 = 48 from the production process. The 
statistics of this example based on two-stage process 
are shown in Table 8. According to the proposed plan 
at stage 1, accept a lot of the product as $ ot € 
[8.1746, 8.2819] > Cw ¢€ [1.4286, 1.4330] and 
go to stage-2. We will finally accept the prod- 
uct as SAMA © [8.15597, 8.16097] > Cy € 
[1.4286, 1.4330] at stage 2. 


5.2. Example 2 


MEMS is a system that converts pressure, sound, 
humidity, or other measurements into electrical sig- 
nals. The main components of MEMS are amplifiers, 
mechanical sensors, and signal processing circuits. 
The pre-amplifier, designed to amplify and to fil- 
ter the signals from MEMS sensors, is the pivotal 
component of MEMS as its performance affects the 
capability of MEMS. The absolute reference volt- 
age (ARV) is the main quality characteristic of a 
pre-amplifier. The ARV must be resistant to environ- 
mental fluctuations such as humidity, temperature, or 
supply voltage. The variations in ARV needs careful 
monitoring and controlled to ensure the consistent 
performance of MEMS. For more details, see [59]. 

The ARV measurements of a certain G-sensor 
module are collected from four manufacturing lines 
and data are given in Tables 9, 10 which contain 
some unclear, fuzzy, and indeterminate observations 
as indicated by the bold entries. Due to the fuzzy 
nature of the ARV measurements, we use a two-stage 
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Table 11 


Neutrosophic statistics of the absolute reference voltage 


Lines X jn Sin S pkjNn 
Stage-1 

1 [1.5061, 1.5055] — [0.0030, 0.0034] — [1.0579, 1.0037] 

2 [1.4964, 1.4956] — [0.0037, 0.0044] —_[1.0939, 0.8840] 

3 [1.4940, 1.4945] — [0.0026, 0.0027] = [1.2146, 1.2328] 

4 [1.5046, 1.5045] — [0.0035, 0.0036] = [1.0594, 1.0422] 
Stage-2 

1 [1.5067, 1.5064]  [0.0035, 0.0036] — [0.8725, 0.8778] 

2 [1.4952, 1.4957] — [0.0034, 0.0033] —[1.0684, 1.1450] 

3 [1.4946, 1.4942] [0.0028, 0.0026] = [1.2041, 1.2392] 

+ [1.5049, 1.5046] — [0.0038, 0.0038] [0.9612, 0.9858] 


neutrosophic acceptance sampling plan to ensure 
the high-quality of the product as a replacement to 
traditional single sampling plans. The pre-amplifier 
considered in this study has a target ARV of 1.5V 
with LSL=1.485V and USL=1.515V. The two- 
stage neutrosophic test procedure is evaluated by 
using k = 2,A=0.1,a@ = B = 0.05, Cagr = 1.20, 
and Crrpp = 1.10. Thus, the required sample size 
and neutrosophic acceptance number are n} = n2 = 
30 and cy = cz = [1.130, 1.135], respectively. The 
neutrosophic statistics for ARV dataset are com- 
puted and provided in Table 11. As described in 
Section 3, we accept the lot at Stage-1 as Ky a via = 
[1.44701, 1.44863] > [1.130, 1.135] and move to 
Stage-2. At this stage, we finally accept the lot since 


Syn “Ai = [1.45903, 1.44843] > [1.130, 1.135]. 


6. Concluding remarks 


In this paper, a new acceptance-sampling plan 
has been introduced for the two-stage process for 
multiple lines under the neutrosophic statistics. The 
proposed sampling plan is the generalization of sev- 
eral sampling plans. The proposed sampling plan is 
the extension of the plan developed using classical 
statistics. The proposed sampling plan can be applied 
when there is indeterminacy interval in the observa- 
tions. The proposed sampling plan provides the plan 
parameters in indeterminacy interval range which 
are desirable in the indeterminate environment. The 
comparison indicates that the proposed plan is more 
efficient and adequate than the existing sampling to 
be applied for the inspection of a lot under the uncer- 
tainty. The proposed sampling plan using big data can 
be considered as future research. 
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